INTRODUCTION
Bracatinga (Mimosa scabrela Benth.) is a multipurpose forest species, native and endemic of South Brazil. It is a pioneer leguminous tree of rapid growth in open ields, after logging (Reitz et al., 1978) especially when burning the litter that breaks dormancy in seeds (Carneiro et al., 1982) . Bracatinga is very common in rural settlements of South Brazil (Moreira et al., 2011) and economically important for timber, charcoal, fuel and energy wood, and honey production due to winter lowering (Pegoraro and Carpanezzi, 1995; Machado et al., 2002) . M. scabrella is also a valuable resource for reforesting and recovering programs of degraded areas (Carneiro et al., 1982; Urbano et al., 2008) . Seeds have high levels of galactomannans with great potential for biotechnological applications (Ganter and Reicher, 1999; Ughini et al., 2004; Vendruscolo et al., 2005) .
There are a few articles about M. scabrella genetics. Sobierajski et al. (2006) and Moreira et al. (2011) investigated mating system using allozyme loci and found mixed mating system, predominantly outcrossing. Dahmer et al. (2011) determined tetraploid nature of the species, with chromosome number 2n = 4x = 52. A major challenge for molecular characterization is the lack of suficient DNA markers speciic to M. scabrella.
Microsatellite markers, or simple sequence repeats (SSRs), unite desirable features for molecular markers: co-dominant, multi-allelic (Varshney et al., 2005) and are widely used because are simple, show high resolution and polymorphism (Squirrell et al., 2003) . SSRs, once described and validated, are easily reproducible, abundant and uniformly dispersed in plant genome, so they are effective for population genetic studies, molecular ecology, and for future molecular breeding (Zhao et al., 2013) . Chloroplast organelle genome is characterized by uniparental mode of inheritance, so chloroplast SSR (cpSSR) can contribute to check seed and pollen low by comparing nuclear and chloroplast markers (Provan et al., 2001) . Sequence genome knowledge is a barrier to screen SSR loci (Morris et al., 2016) . Next-generation sequencing technologies can generate huge sequence data fastly, for genome mining and identiication of SSR regions (Abdelkrim et al., 2009 ) without prior genomic library construction with SSR motif-enriched DNA (Csencsics et al., 2010) . It is a promising approach for species with restricted genetic information as many native species like M. scabrella. This current study developed the irst primers for M. scabrella microsatellites identiied by next-generation sequencing, validated as a molecular marker evaluating inheritance pattern between mothers and progenies, and also tested cross-species transferability for Fabaceae-Mimosoideae species.
MATERIAL AND METHODS

Plant materials and DNA extraction
Altogether, leaves of 444 individuals were sampled, 33 adults and 411 progenies. These 33 adult trees are in the University of Santa Catarina State, Campus of Lages. They are originated from a mixture of seedlings of three cities of Santa Catarina State: Atalanta, Urupema, and Bocaina do Sul. Five of these 33 adults were selected as mother trees to provide seeds to generate progenies. For each one of the ive mother trees, it was sown 108 seeds. After 2 months of growing, some seeds did not germinate and some seedlings did not survive, the leaves of 411 health progenies were collected and analyzed with the 33 adult leaves for microsatellite validation. For cross-species transferability, leaves of ive different individuals of Fabaceae-Mimosoideae species were tested: Calliandra tweedii Benth., Mimosa bimucronata (DC.) Kuntz, Mimosa taimbensis Burkart, and Parapiptadenia rigida (Benth.) Brenan. For Mimosa ramosissima Benth., leaves of two different individuals were tested.
All samples were extracted as follows: grinding and homogenizing leaves were performed with Precellys Evolution (Bertin, France) and total DNA was isolated from 30 mg of grinded leaves with CTAB method according to Doyle and Doyle (1990) . Just for proceeding with sequencing, a single sample of Mimosa scabrella DNA was puriied with the Zymo™ Puriication Kit (ZYMO Research, USA). The voucher specimen of the sequenced sample was included in the Herbarium Lages of Universidade do Estado de Santa Catarina, with the number LUSC 8690.
Sequencing and de novo partial assembly
Mimosa scabrella Benth. paired read sequencing was performed from genomic DNA using the MiSeq Illumina platform. Raw high throughput sequencing data and trimmed data were evaluated with FastQC to quality control check (quality value ³33). CLC Genomics Workbench 7.5 (CLC Bio, Denmark) was used to trim data and to form contigs.
SSR identiication and primer development
Contigs were screened with SSR Locator (da Maia et al., 2008) to ind microsatellite loci and design primers. Microsatellite criteria were at least three repetitions of each motif and minimum of 12 bp (Castoe et al., 2012) . Primer criteria were from 18 to 22 bp in size, amplicon size 100-550 bp, average annealing temperature of 55°C, at least 100 bp of gap between microsatellites and 50% of CG. Primer quality was assessed in silico with the OligoAnalyzer 3.1 of IDT DNA website (IDT DNA Tech., Coralville, IA, USA; http://www.idtdna.com/ site) and Gene Runner (Hastings Software Inc., Hastings, NY, USA; www.generunner.net). Primer pair approval consisted in Tm difference of less than 1°C, no compound, imperfect and monomer SSR, ∆G higher than -5 kcal/mol and no palindrome ( Table 1) .
Validation of SSR markers
PCR selection was performed to test 31 primer pairs from 65 in silico approved primers (Table 1) . Genomic DNA was isolated from 10 adult samples. PCR was carried out separately for each locus in a 12.5-µL volume reaction with 1.5 ng template DNA, 1X PCR buffer TrisHCl, 2.5 mM MgCl 2 , 0.2 mM dNTP mix, 0.1 µM of each primer, and 0.5 U Platinum Taq a Synthetized unlabeled primers for PCR selection; b synthetized unlabeled primers for PCR selection and synthetized primers for polymorphism analysis. DNA Polymerase (Invitrogen). Ampliication program was 95°C for 2 min; 35 cycles of 45 s at 95°C, 1 min at 55°C, and 2 min at 72°C; and a inal extension of 5 min at 72°C on Veriti thermocyclers (Applied Biosystems). The PCR products were analyzed on 2% agarose gels. From 31 SSR locus PCR selections, 11 loci were then assessed for polymorphism in 444 samples of Mimosa scabrella.
Genotyping using Multiplex Panels and polymorphism analysis validation
The Multiplex Panels were developed with Autodimer (Vallone and Butler, 2004) and Multiplex Manager (Holleley and Geerts, 2009 ) with up to four loci per panel (Table 2 ). PCRs were performed in a 12.5-to 25-µL volume reaction with 1 ng template DNA, 1X PCR buffer Tris-HCl, 2.5 mM MgCl 2 , 0.2 mM dNTP mix, 0.05 to 0.12 µM of each primer (Table 2 ) and 1 U Platinum Taq DNA Polymerase (Invitrogen). DMSO (10%) was added for Msc003 and Msc161. PCR ampliication was also performed on Veriti thermocyclers (Applied Biosystems) under the following conditions: 95°C for 10 min; 25 cycles of 45 s at 95°C, 1 min at 55°-56°C, and 2 min at 72°C; and a inal extension of 30 min at 72°C. Fluorescent dyes of each forward primer, primer concentration, and annealing temperature are described in Table 2 . Fluorescently labeled PCR products were separated by capillary electrophoresis using the ABI 3130 Genetic Analyzer (Applied Biosystems) with internal size standard GeneScan600 LIZ (Applied Biosystems). Peak interpretation, allele size calling and genotyping were performed with the Gene Mapper ® software ID-X v. 1.2 (Applied Biosystems). Descriptive statistics, for the nuclear SSR marker, like allelic richness, the number of alleles at a locus (N A ); genotypic richness, the number of genotypes with four alleles per locus (G); the observed and expected heterozygosities (H O and H E ) and ixation index (F) were all calculated using Autotet (Thrall and Young, 2000) assuming autopolyploidy. H E and F were computed under random mating and chromosome segregation [H E (Ce)] and [F(Ce)], and under random mating and some level of chromatid segregation [H E (Cd)] and [F(Cd)], considering maximum double reduction with α = 1/7. For cpSSR, haplotype frequencies were calculated using GenAlEx 6.5 (Peakall and Smouse, 2012) . *Monomorphic loci; Ta = annealing temperature.
RESULTS AND DISCUSSION
Characterization of microsatellites and validation for Mimosa scabrella
Illumina paired-end sequencing generated a total of 1,431,034 reads with 237,704,384 bases. After trimming and quality control read checks, 42,546 contigs were assembled.
Contigs screening generated 290 SSR loci, trinucleotide repeats were the most common (32.4%), followed by tetranucleotide (23.15%), dinucleotide (19.0%), mononucleotide (17.6%), pentanucleotide (6.25%), and hexanucleotide (1.7%) repeats. The number of perfect, imperfect, and compound motif repeats corresponds to 252, 2, and 16 loci. From all SSR loci identiied, we designed 211 primer pairs, 65 primer pairs were approved after in silico primer quality assessment, and a subset of 31 were synthesized. All 31 primer pairs were tested on agarose, 19 generated amplicons in the expected size, and from these, 11 primer pairs were synthetized with luorescent dyes in forward primer. All samples successfully ampliied and showed at least one allele in common between mother trees and progeny samples in all 11 markers. Based on capillary electrophoresis data for the 444 M. scabrella samples, 4 loci were polymorphic (P = 36%) in adult and progeny individuals: Msc009, Msc045, Msc124, and Msc003, with allele richness (A) of 4, 3, 2, and 11, respectively, considering all sampling. These polymorphic markers are hexa-, penta-, tetra-, and trinucleotide motifs. A similarity search of amplicon contigs was conducted using BLASTn with E value cutoff of 1 x 10 -5 (Table  2) . Of the 11 markers, Msc009, Msc041, Msc045, and Msc124 sequences showed signiicant similarity with chloroplast genomes of some Mimosoideae species and all samples of these markers displayed only one allele per sample and the same allele between mother trees and progenies, revealing maternal inheritance of chloroplast genome for M. scabrella. Msc003 displayed from one to four alleles per sample, showing its tetraploid nature, as described by Dahmer et al. (2011) . Only identiied allele peaks were considered for heterozygote genotype, without considering the allelic dosage for incomplete heterozygotes (Narayan et al., 2015) .
Signiicant departure from Hardy-Weinberg equilibrium was detected at Msc003 locus (P < 0.001) under chromosome and chromatid segregation for adults and progenies. Allele richness, genotypic richness, and H O were 5, 4, and 0.394 for adults and for progenies they were 11, 16, and 0.309. For adults, under random mating and chromosome segregation, F(Ce) and H E (Ce) were 0.478 and 0.175. Considering random mating and some level of chromatid segregation, F(Cd) and H E (Cd) were 0.446 and 0.116. For progenies, F(Ce) was 0.296, H E (Ce) 0.438, F(Cd) 0.245, and H E (Cd) 0.409.
Four different haplotypes were found for Msc009, Msc045, and Msc124 cpSSRs, two in common between adult and progeny groups, and the other two were private to the adult group. The haplotype 1, formed by the alleles 514 bp (Msc009), 283 bp (Msc045), and 286 bp (Msc124), was the most common both for adult and progeny groups with frequencies of 0.788 and 0.762. The haplotype 2, formed by 499, 274, and 300 bp alleles, was the second most common, with frequencies of 0.152 and 0.238 for adult and progeny groups, respectively. Haplotype 3, formed by 507, 267, and 286 bp alleles, and haplotype 4 formed by 502, 267, and 286 bp alleles had only one occurrence in adults, both with frequency of 0.030. Polymorphism detection in chloroplast genome is limited due to low mutation rate and does not recombine (Provan et al., 2001) . Informative chloroplast microsatellite of non-model species can be time intensive (McPherson et al., 2013) and irst microsatellites developed for M. scabrella included three polymorphic cpSSRs.
The 11 SSR markers were 100% cross-ampliied in ive Mimosoideae species, ranging from two loci in Calliandra tweedii Benth. to all 11 loci in M. taimbensis Burkart (Table 3) . Msc003 marker displayed polymorphism for M. taimbensis.
Next-generation sequencing has enabled detection of many SSR loci and marker development for nuclear and chloroplast sequences. The validated SSR set developed in this study has the potential to be applied for population genetic studies, will enhance molecular research on the species for marker-assisted selection and develop conservation strategies for this highly human managed species. The validated SSR set can also be used in other FabaceaeMimosoideae species because of its high cross-ampliication and as SSR reference for other polyploidy species. However, most of the microsatellite markers obtained in the present study still need to be further validated. 
